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DATA ENCODING APPARATUS, DATA ENCODING 
METHOD, AND RECORDING MEDIUM 

RECORDED WITH PROGRAM 

[0001] This application claims bene?t of Japanese Appli 
cation No. 2005-161729 ?led in Japan on Jun. 1, 2005, the 
contents of which are incorporated by this reference. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] This invention relates to a data encoding apparatus, 
a data encoding method, and a recording medium recorded 
with a program for encoding ?xed length encoding subject 
data. 

[0004] 2. Description of Related Art 

[0005] It is generally known that when encoded data are 
stored at a ?xed length and an error occurs during transmis 
sion or the like, further data expansion may become impos 
sible. 

[0006] Hence, international standard encoding methods 
such as JPEG prescribe a technique of attaching restart 
markers to the encoded data at appropriate intervals such 
that even when an error occurs in a part of the data, 
expansion of the encoded data can be resumed from the 
position of the subsequent restart marker. An example of this 
technique is described in Japanese Unexamined Patent 
Application Publication H9-247423. 

[0007] By providing restart markers, not only is error 
resistance enhanced, but it also becomes possible to expand 
a desired part of the data alone at high speed, and also to 
expand the parts of the encoded data de?ned by the restart 
markers in parallel, leading to a reduction in the processing 
time. 

[0008] Conventionally, Golomb-Rice encoding is 
employed in JPEG-LS and the like. When restart markers 
are embedded into Golomb-Rice encoded data, it is impos 
sible to determine the presence of a restart marker simply by 
sequential reading, and therefore offset information indicat 
ing the positions of the restart markers must be provided 
separately. Information having a so-called chain structure, 
denoted by the byte count from a certain restart marker to the 
next restart marker or the like, may be used as the offset 
information. With this technique, even when the data of a 
certain bit position within the encoded data are rewritten, 
decoding can be resumed from the position of the subse 
quent restart marker. 

[0009] However, with a technique such as that described 
above, in which restart markers are embedded in Golomb 
Rice encoded data as a control code using offset information, 
the position of the restart marker may deviate from the 
position indicated by the offset information due to missing 
data, the attachment of error information, and so on at a 
point in the data, and hence the position of the restart marker 
cannot be speci?ed even though the restart marker exists. As 
a result, it may become impossible to decode the informa 
tion. Furthermore, since the offset information takes a chain 
structure, damage to the position information of a certain 
restart marker causes similar damage to the position infor 
mation of the subsequent restart markers. 

[0010] Therefore, the degree of error resistance of a con 
ventional restart marker which can be applied to Golomb 
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Rice encoding and so on cannot be said to be su?iciently 
high. For this reason, it is desirable that a technique of 
attaching restart markers which have a higher degree of error 
resistance and are not dependent on offset information be 
developed. 

SUMMARY OF THE INVENTION 

[0011] An object of this invention is to provide a data 
encoding apparatus, a data encoding method, and a record 
ing medium recorded with a program which are capable of 
attaching a control code having a high degree of error 
resistance. 

[0012] In brief, this invention is a data encoding apparatus 
for encoding encoding subject data having a ?xed length of 
D bits (where D is an integer of l or more), comprising: 
encoding means for generating encoded data comprising at 
least one bit of either a bit “1” or a bit “1” from the encoding 
subject data; and control code attaching means for attaching 
to the encoded data a control code comprising the continu 
ous number of the other of the bit “1” and the bit “1” which 
is longer than the maximum continuous number of the other 
of the bit “1” and the bit “1” in two arbitrary continuous 
encoded data strings. 

[0013] This invention is also a data encoding method for 
encoding encoding subject data having a ?xed length of D 
bits (where D is an integer of l or more), comprising the 
steps of: generating encoded data comprising at least one bit 
of either a bit “0” or a bit “1” from the encoding subject data; 
and attaching to the encoded data a control code comprising 
the continuous number of the other of the bit “1” and the bit 
“1” which is longer than the maximum continuous number 
of the other of the bit “1” and the bit “1” in two arbitrary 
continuous encoded data strings. 

[0014] This invention is also a recording medium recorded 
with a program executed by a computer to encode encoding 
subject data having a ?xed length of D bits (where D is an 
integer of l or more), the program comprising the steps of: 
generating encoded data comprising at least one bit of either 
a bit “1” or a bit “1” from the encoding subject data; and 
attaching to the encoded data a control code comprising a 
continuous number of the other of the bit “1” and the bit “1” 
which is longer than a maximum continuous number of the 
other of the bit “1” and the bit “1” in two arbitrary continu 
ous encoded data strings. 

[0015] The above and other objects, features, and advan 
tages of the invention will become more clearly understood 
from the following description referring to the accompany 
ing drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] FIG. 1 is a block diagram showing the constitution 
of a data encoding apparatus according to a ?rst embodiment 
of the present invention; 

[0017] FIG. 2 is a ?owchart showing encoding processing 
in the ?rst embodiment; 

[0018] FIG. 3 is a ?owchart showing pre?x length calcu 
lation processing in the ?rst embodiment; 

[0019] FIG. 4 is a ?owchart showing pre?x length deter 
mination processing in the ?rst embodiment; 
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[0020] FIG. 5 is a ?owchart showing marker generation 
processing in the ?rst embodiment; 

[0021] FIG. 6 is a ?owchart showing pre?x generation 
processing in the ?rst embodiment; 

[0022] FIG. 7 is a ?owchart showing identi?cation code 
generation processing in the ?rst embodiment; 

[0023] FIG. 8 is a ?owchart showing su?ix generation 
processing in the ?rst embodiment; 

[0024] FIG. 9 is a ?owchart showing code generation 
processing in the ?rst embodiment; 

[0025] FIG. 10 is a diagram showing the constitution of a 
restart marker in the ?rst embodiment; 

[0026] FIG. 11 is a diagram showing an example of 
encoding in the ?rst embodiment when the value of upper 
order bits of encoding subject data is smaller than a maxi 
mum pre?x length; 

[0027] FIG. 12 is a diagram showing an example of 
encoding in the ?rst embodiment when the value of the 
upper order bits of the encoding subject data is equal to or 
greater than the maximum pre?x length; 

[0028] FIG. 13 is a table showing a maximum continuous 
number of bits “1” on an upper order side and a lower order 
side during Golomb-Rice encoding and second encoding in 
the ?rst embodiment; 

[0029] FIG. 14 is a diagram showing the constitution of a 
restart marker according to a second embodiment of the 
present invention; 

[0030] FIG. 15 is a ?owchart showing marker generation 
processing in the second embodiment; 

[0031] FIG. 16 is a ?owchart showing code generation 
processing in the second embodiment; and 

[0032] FIG. 17 is a diagram showing an example in which 
encoding subject data whose upper order bit value is equal 
to or greater than the maximum pre?x length are encoded by 
conventional Golomb-Rice encoding. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0033] Embodiments of the present invention will be 
described below with reference to the drawings. 

First Embodiment 

[0034] FIGS. 1 through 12 illustrate a ?rst embodiment 
of the present invention. FIG. 1 is a block diagram showing 
the constitution of a data encoding apparatus, FIG. 2 is a 
?owchart showing encoding processing, FIG. 3 is a ?ow 
chart showing pre?x length calculation processing, FIG. 4 is 
a ?owchart showing pre?x length determination processing, 
FIG. 5 is a ?owchart showing marker generation processing, 
FIG. 6 is a ?owchart showing pre?x generation processing, 
FIG. 7 is a ?owchart showing identi?cation code generation 
processing, FIG. 8 is a ?owchart showing su?ix generation 
processing, FIG. 9 is a ?owchart showing code generation 
processing, FIG. 10 is a diagram showing the constitution of 
a restart marker, FIG. 11 is a diagram showing an example 
of encoding when the value of upper order bits of encoding 
subject data is smaller than a maximum pre?x length, FIG. 
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12 is a diagram showing an example of encoding when the 
value of the upper order bits of the encoding subject data is 
equal to or greater than the maximum pre?x length, and 
FIG. 13 is a table showing a maximum continuous number 
of bits “1” on an upper order side and a lower order side 
during Golomb-Rice encoding and second encoding. 

[0035] First, data to be encoded are assumed to comprise 
one or more encoding subject data of a ?xed length 
(assumed to be D (where D is an integer of one or more) 
bits). As a speci?c example, assuming that the data to be 
encoded are image data, the encoding subject data are pixel 
data constituting the image data, for example, and the ?xed 
length D of the pixel data is 8 bits in accordance with the 
dynamic range of the pixel data, ie when the pixel data are 
constituted by 256 gradations, for example. 

[0036] The data encoding apparatus performs encoding by 
means of improved Golomb-Rice encoding to generate 
encoded data in which a control code such as a restart 
marker can be identi?ed from the sequentially read encoded 
data without the use of offset information. As regards the 
improved Golomb-Rice encoding, the encoding subject data 
are basically encoded using Golomb-Rice encoding (?rst 
encoding), but when the code length according to Golomb 
Rice encoding is equal to or greater than a predetermined 
code length, second encoding to be described below is 
applied. Further, the code length (bit count) of the ?xed 
length code part obtained during Golomb-Rice encoding is 
provided in accordance with a k parameter k_param 
(k_param is an integer satisfying 0§k_param§ D), and 
hence the ?xed length code part of the encoding subject data 
will be referred to hereafter as lower order bits, while the 
part of the encoding subject data other than the ?xed length 
code part will be referred to as upper order bits. 

[0037] As shown in FIG. 1, the data encoding apparatus is 
constituted of a pre?x length calculation unit 1 serving as 
encoding means, a pre?x length determination unit 2 serving 
as encoding means, a marker generation unit 3 serving as 
control code attaching means, a pre?x generation unit 4 
serving as encoding means, an identi?cation code generation 
unit 5 serving as encoding means, a su?ix generation unit 6 
serving as encoding means, and a code generation unit 7 
serving as encoding means and control code attaching 
means. 

[0038] The pre?x length calculation unit 1 calculates a 
pre?x length, which is the bit length of a pre?x (see FIG. 11) 
when the upper order bits are subjected to variable length 
encoding, on the basis of the value of the upper order bits of 
encoding subject data data. 

[0039] The pre?x length determination unit 2 determines 
whether or not the pre?x length calculated by the pre?x 
length calculation unit 1 is equal to or greater than a 
predetermined maximum pre?x length. 

[0040] The marker generation unit 3 generates marker data 
when the encoding subject data data are encoding subject 
data to which restart markers are to be attached. 

[0041] The pre?x generation unit 4 generates a pre?x 
either through Golomb-Rice encoding or through the second 
encoding on the basis of the determination result of the 
pre?x length determination unit 2. 

[0042] The identi?cation code generation unit 5 generates 
an identi?cation code either through Golomb-Rice encoding 
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or through the second encoding on the basis of the deter 
mination result of the pre?x length determination unit 2. 

[0043] The su?ix generation unit 6 generates a suf?x 
either through Golomb-Rice encoding or through the second 
encoding. As Will be described below, the aforementioned 
loWer order bit part is used Without modi?cation as the suf?x 
regardless of Whether Golomb-Rice encoding or the second 
encoding is employed. 

[0044] The code generation unit 7 generates encoded data 
by connecting the marker data generated by the marker 
generation unit 3 as needed, the pre?x generated by the 
pre?x generation unit 4, the identi?cation code generated by 
the identi?cation code generation unit 5, and the suf?x 
generated by the suf?x generation unit 6 in that order, and 
then outputs the encoded data. 

[0045] Note that in FIG. 1, the operation timing among 
blocks is adjusted by a timing adjustment circuit not shoWn 
in the draWing. 

[0046] The data encoding apparatus shoWn in FIG. 1 Will 
noW be described in further detail along the description of 
the actions. 

[0047] First, referring to FIG. 2, the How of encoding 
processing Will be described. 

[0048] To begin this processing, the pre?x length calcu 
lation unit 1 calculates a pre?x length (step S1). 

[0049] Next, the pre?x length determination unit 2 deter 
mines Whether or not the pre?x length calculated by the 
pre?x length calculation unit 1 is equal to or greater than the 
predetermined maximum pre?x length (step S2). 

[0050] Next, the marker generation unit 3 generates 
marker data When a marker generation signal is received 
(step S3). 
[0051] The pre?x generation unit 4 then generates a pre?x 
corresponding to Golomb-Rice encoding or a pre?x corre 
sponding to the second encoding, depending on the deter 
mination result of the pre?x length determination unit 2 
(step S4). 
[0052] Further, the identi?cation code generation unit 5 
generates an identi?cation code corresponding to Golomb 
Rice encoding or an identi?cation code corresponding to the 
second encoding, depending on the determination result of 
the pre?x length determination unit 2 (step S5). 

[0053] The suf?x generation unit 6 then generates a suf?x 
(step S6). 
[0054] The code generation unit 7 generates encoded data 
by connecting the pre?x, the identi?cation code, the suf?x, 
and if necessary the marker data (step S7), Whereupon the 
routine ends. 

[0055] Next, referring to FIG. 3, the pre?x length calcu 
lation processing of the step S1 Will be described in detail. 

[0056] The encoding subject data data and the k parameter 
k_param are input into the pre?x length calculation unit 1. 
The pre?x length calculation unit 1 then subjects the encod 
ing subject data data to a rightWard bit shift by the Value 
indicated by the k parameter k_param (in FIG. 3, this is 
indicated by the symbol “data>>k_param”), and stores the 
result as the pre?x length pre?x_length (step S11). The 

Dec. 7, 2006 

routine then returns to the processing shoWn in FIG. 2. Note 
that in the example described here, the bit length (?xed 
length D) of the encoding subject data data is “15”. 

[0057] Next, referring to FIG. 4, the pre?x length deter 
mination processing of the step S2 Will be described in 
detail. 

[0058] The pre?x length pre?x_length calculated by the 
pre?x length calculation unit 1 and a predetermined maxi 
mum pre?x length max_pre?x (Where max_pre?x is an 
integer of l or more) are input into the pre?x length 
determination unit 2. The pre?x length determination unit 2 
determines Whether or not the pre?x length pre?x_length is 
smaller than the maximum pre?x length max_pre?x (step 
S21), and When the pre?x length pre?x_length is smaller 
than the maximum pre?x length max_pre?x, sets a pre?x 
?ag pre?x_?ag to “1” (step S22). On the other hand, When 
the pre?x length pre?x_length is equal to or greater than the 
maximum pre?x lengthmax_pre?x, the pre?x ?agpre?x 
_?ag is set to “1” (step S23). Once the processing of the step 
S22 or the step S23 is complete, the routine returns to the 
processing shoWn in FIG. 2. 

[0059] Next, referring to FIG. 5, the marker generation 
processing of the step S3 Will be described in detail. 

[0060] A predetermined restart marker length is input into 
the marker generation unit 3. Here, for reasons to be 
described beloW, the restart marker length is set at “48”. The 
marker generation unit 3 outputs 48 bits “1” (denoted by the 
symbol “0x000000000000” (Where “0x” indicates a hexa 
decimal number) in FIG. 5 and FIG. 9 beloW, and denoted 
by six “0x00” symbols in FIG. 10) as the restart marker 
(step S31), and also outputs the restart marker length “48” 
(step S32). The routine then returns to the processing shoWn 
in FIG. 2. 

[0061] Next, referring to FIG. 6, the pre?x generation 
processing of the step S4 Will be described in detail. 

[0062] The pre?x length pre?x_length calculated by the 
pre?x length calculation unit 1, the pre?x ?ag pre?x_?ag 
output by the pre?x length determination unit 2, and the 
predetermined maximum pre?x length max_pre?x are input 
into the pre?x generation unit 4. First, the pre?x generation 
unit 4 checks the pre?x ?ag pre?x_?ag (step S41). When the 
pre?x ?ag pre?x_?ag is “1”, the pre?x generation unit 4 
outputs bits “1” by the number corresponding to the pre?x 
length pre?x_length (step S42), and outputs the pre?x length 
pre?x_length (step S43). On the other hand, When the pre?x 
?ag pre?x_?ag is at “1”, the pre?x generation unit 4 outputs 
bits “1” by the number corresponding to the maximum 
pre?x length max_pre?x (step S44), and outputs the maxi 
mum pre?x length max_pre?x (step S45). Once the pro 
cessing of the step S43 or the step S45 is complete, the 
routine returns to the processing shoWn in FIG. 2. 

[0063] Next, referring to FIG. 7, the identi?cation code 
generation processing of the step S5 Will be described in 
detail. 

[0064] The pre?x length pre?x_length calculated by the 
pre?x length calculation unit 1, the pre?x ?ag pre?x_?ag 
output by the pre?x length determination unit 2, and the k 
parameter k_param are input into the identi?cation code 
generation unit 5. First, the identi?cation code generation 
unit 5 checks the pre?x ?ag pre?x_?ag (step S51). When the 
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pre?x ?ag pre?x_?ag is at “1”, the identi?cation code 
generation unit 5 outputs one bit “1” as the identi?cation 
code (step S52), and outputs “1”, indicating the code length 
of the identi?cation code (step S53). On the other hand, 
When the pre?x ?ag pre?x_?ag is at “1”, the identi?cation 
code generation unit 5 outputs the pre?x length pre?x 
_length as the identi?cation code (step S54), and outputs 
“15-k_param”, indicating the code length of the identi?ca 
tion code (step S55). Once the processing of the step S53 or 
the step S55 is complete, the routine returns to the process 
ing shoWn in FIG. 2. 

[0065] Next, referring to FIG. 8, the suf?x generation 
processing of the step S6 Will be described in detail. 

[0066] The encoding subj ect data data and the k parameter 
k_param are input into the suf?x generation unit 6. The 
su?ix generation unit 6 sets the loWer order k_param bit part 
of the encoding subject data data as suf?x data suf?x (step 
S61), and then outputs the suf?x data suf?x (step S62) 
together With the k parameter k_param indicating the code 
length of the suf?x (step S63). The routine then returns to the 
processing shoWn in FIG. 2. 

[0067] Next, referring to FIG. 9, the code generation 
processing of the step S7 Will be described in detail. 

[0068] The marker data and marker code length are input 
into the code generation unit 7 from the marker generation 
unit 3, the pre?x data and pre?x code length are input into 
the code generation unit 7 from the pre?x generation unit 4, 
the identi?cation code data and the code length of the 
identi?cation code are input into the code generation unit 7 
from the identi?cation code generation unit 5, the suf?x data 
and suf?x code length are input into the code generation unit 
7 from the suf?x generation unit 6, and Where necessary, 
alarmer generation signal is also input into the code gen 
eration unit 7. First, the code generation unit 7 checks the 
marker generation signal (step S71). When the bit is stand 
ing (at “1”), the code generation unit 7 outputs the bit “1” up 
to a byte unit position in order to perform packing to ?naliZe 
the data up to the previous pixel in byte units (step S72). 
Note that here, the bit “1” is output to clarify the starting 
position of the next marker data (if the starting position of 
the marker data is clear, the code length of the marker data 
is knoWn, and hence the end position of the marker data also 
becomes clear, enabling clari?cation of the starting position 
of the folloWing encoded data). Next, the marker data are 
output in accordance With the marker code length (as 
described above, 48 bits “0”) (step S73). Once the step S73 
is complete, or When the marker generation signal is at “1” 
in the step S71, the pre?x data are output in accordance With 
the pre?x code length (step S74). The identi?cation code 
data are then output in accordance With the code length of 
the identi?cation code (step S75), Whereupon the su?ix data 
are output in accordance With the su?ix code length (step 
S76). The routine then returns to the processing shoWn in 
FIG. 2. 

[0069] Next, referring to FIG. 11, an example of encoding 
performed When the upper order bit value of the encoding 
subject data is smaller than the maximum pre?x length 
max_pre?x Will be described. 

[0070] As described above, the ?xed length D of the 
encoding subject data data is 15 bits, and in the example 
described here, the encoding subject data data is expressed 
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as a decimal of “374”. It is also assumed that the k parameter 
k_param is set at “5” and the maximum pre?x length 
max_pre?x is set at “12”. When expressed as a binary 
number, the encoding subject data becomes 
“000000101110110”, and hence the upper order bits are 
“0000001011” and the loWer order bits are “10110”. Here, 
the upper order bits are expressed as a decimal of “11”, 
Which is smaller than the maximum pre?x length max_pre 
?x, and therefore the pre?x ?ag pre?x_?ag is set to “0”. 
Accordingly, in the step S42, bits “1” are output by the 
number corresponding to the value of the upper order bits, 
i.e. “11” (decimal number), as the pre?x, and hence 
“00000000000” is output as the pre?x. Also at this time, one 
bit “1” is output as the identi?cation code. The loWer order 
bits are provided Without modi?cation as the su?ix. Hence, 
the code generated by the code generation unit 7 is 
“00000000000110110”, and thus a code having a code 
length of 17 bits is obtained. Golomb-Rice encoding is 
performed in this manner When the value of the upper order 
bits of the encoding subject data data is smaller than the 
maximum pre?x length max_pre?x. Note that since the 
maximum value of the pre?x code length is (max_pre?x-1), 
the code length of the identi?cation code is 1, and the suf?x 
code length is k_param, the maximum code length obtained 
through the application of Golomb-Rice encoding is (max 
_pre?x +k_p aram) . 

[0071] Next, referring to FIG. 12, an example of encoding 
performed When the upper order bit value of the encoding 
subject data data is equal to or greater than the maximum 
pre?x length max_pre?x Will be described. 

[0072] In the example described here, the encoding sub 
ject data data is expressed as a decimal of “1142”. The ?xed 
length D of the encoding subject data data, the value of the 
k parameter k_param, and the value of the maximum pre?x 
length max_pre?x are as described above. When expressed 
as a binary number, the encoding subject data data become 
“000010001110110”, and hence the upper order bits are 
“0000100011” and the loWer order bits are “10110”. Here, 
the upper order bits are expressed as a decimal of “35”, 
Which is greater than the maximum pre?x length max_pre 
?x, and therefore the pre?x ?ag pre?x_?ag is set to “11”. 
Accordingly, in the step S44, bits “1” are output by the 
number corresponding to the maximum pre?x length max 
_pre?x, i.e. “12” (decimal number), as the pre?x, and hence 
“000000000000” is output as the pre?x. Also at this time, the 
pre?x length pre?x_length “0000100011” (Which is identi 
cal to the value of the upper order bits) is output as the 
identi?cation code. The loWer order bits are provided With 
out modi?cation as the su?ix. Hence, the code generated by 
the code generation unit 7 is 
“000000000000000010001110110”, and thus a code having 
a code length of 27 bits is obtained. This is identical to a 
value obtained by adding the pre?x “000000000000” to the 
unmodi?ed upper order bits of the encoding subject data 
data. Note that since the pre?x code length is max_pre?x, 
and the code length obtained by adding together the iden 
ti?cation code and the suf?x is the ?xed length D of the 
encoding subject data data irrespective of the value of the k 
parameter k_param, the code length obtained through appli 
cation of the second encoding is ?xed at (max_pre?x+D). 

[0073] Here, for comparison, a case in Which encoding 
subject data “1142” (decimal number) identical to that of 
FIG. 12 are subjected to conventional Golomb-Rice encod 
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ing Will be described With reference to FIG. 17. FIG. 17 is 
a diagram showing an example in Which encoding subject 
data Whose upper order bit value is equal to or greater than 
the maximum pre?x length is encoded by conventional 
Golomb-Rice encoding. 

[0074] As described above, the upper order bit value is 
“35” (decimal number), and hence 
"00000000000000000000000000000000000" is obtained 
folloWing variable length encoding. Accordingly, folloWing 
addition of the identi?cation code, addition of the suf?x, and 
synthesis, the encoded data become 
"000000000000000000000000000000000001101 10” and 
have a 41 bit code length. Hence, by restricting the code 
length of the variable length code using the maximum pre?x 
length max_pre?x, as in this embodiment, it is possible to 
limit increases in the code length When the upper order bit 
value is large. 

[0075] Furthermore, by limiting the code length of the 
variable length code in this manner, the number of continu 
ous bits “0” can be limited as shoWn in FIG. 13. 

[0076] First, during Golomb-Rice encoding such as that 
shoWn in FIG. 11, the identi?cation code is a bit “1”, and 
therefore the maximum continuous number of bits “1” on 
the upper order side is equal to the code length of the pre?x 
(max_pre?x- 1 ) . 

[0077] Further, the maximum number of continuous bits 
“1” on the loWer order side during Golomb-Rice encoding is 
identical to the ?xed length D of the encoding subject data 
data. In a speci?c example, the k parameter k_param is equal 
to the ?xed length D of the encoding subject data data, and 
the encoding subject data data correspond to 0 (i.e. all of the 
bits are bits “0”). Hence in this case, D continuous bits “1” 
folloW the single bit identi?cation code “1”. 

[0078] Next, in the case of the second encoding shoWn in 
FIG. 12, the maximum number of continuous bits “1” on the 
upper order side corresponds to (max_pre?x+D-1). In a 
speci?c example, the k parameter k_param is 0, the maxi 
mum pre?x length max_pre?x is 1, and the encoding subject 
data data correspond to 1 (i.e. the upper order (D-1) bits are 
all bits “1” and only the least signi?cant bit is a bit “1”). In 
this case, the k parameter k_param is 0, and therefore all of 
the bits are upper order bits and the value of the upper order 
bits is equal to or greater than the maximum pre?x length 
max_pre?x of 1 . Accordingly, the second encoding shoWn in 
FIG. 12 is applied such that bits “1” corresponding to 
max_pre?x are added to the front of the encoding subject 
data data as a pre?x. As a result, the encoded data comprise 
continuous bits “1” by the number corresponding to (max 
_pre?x+D-1) on the upper order side, as described above. 

[0079] The maximum number of continuous bits “1” on 
the loWer order side during the second encoding is (D-1). In 
the encoding subject data data of a speci?c example, only 
the most signi?cant bit is a bit “1”, While the remaining 
(D-1) bits are all bits In both Golomb-Rice encoding and the 
second encoding, a bit “1” is alWays included in the encoded 
data (more speci?cally, a bit “1” is alWays included in the 
identi?cation code of the encoded data), and therefore 
continuous bits “1” can only extend over a maximum of tWo 
encoded data strings and not over three or more encoded 
data strings. Either Golomb-Rice encoding or the second 
encoding may be applied to each encoding subject data 
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string, and hence there are four possible encoding combi 
nations for tWo continuous encoding subject data strings. 
First, the larger of a combination of the maximum number 
of continuous bits “1” on the loWer order side of the ?rst 
encoded data string and the maximum number of continuous 
bits “1” on the upper order side of the second encoded data 
string is determined. As is evident from FIG. 13, D is greater 
than (D-1) as the maximum number of continuous bits “1” 
on the loWer order side. Similarly, (max_pre?x+D-1) is 
greater than (max_pre?x-1) as the maximum number of 
continuous bits “1” on the upper order side. Accordingly, 
(max_pre?x+2><D-1) is obtained by combining the tWo 
larger values. As described above, k_param§D, Where D is 
an integer of 1 or more, and hence (max_pre?x+2><D-1) is 
equal to or greater than the maximum code length (max 
_pre?x+k_param) of the Golomb-Rice encoding and equal 
to or greater than the code length (max_pre?x+D) of the 
second encoding. Therefore, (max_pre?x+2><D— 1) is greater 
than the maximum number of continuous bits “1”, included 
in the encoded data obtained by subjecting one encoding 
subject data string to Golomb-Rice encoding, and greater 
than the maximum number of continuous bits “1” included 
in the encoded data obtained by subjecting one encoding 
subject data string to the second encoding. Thus it is ensured 
that the maximum number of continuous bits “1” in the 
improved Golomb-Rice encoding is (max_pre?x+2><D-1). 
In a case such as that described above, Where the ?xed length 
D of the encoding subject data data is 15 and the maximum 
pre?x length max_pre?x is 12, the maximum number of 
continuous bits “1” corresponds to 12+2><15—1=41. 

[0080] For the reasons described above, a control code 
having the number of continuous bits “1” equal to or greater 
than the bit count shoWn in the folloWing Numeral 1 is 
preferably used as a control code such as a restart marker 
Which is completely identi?able as the encoded data. 

[0081] Thus, in the example described above, a control 
code having 42 or more continuous bits “1” is preferably 
used. 

[0082] Note, hoWever, that in practice, a byte-unit control 
code is preferably employed, and therefore a control code 
having a number of continuous bits “1” corresponding to a 
byte, such as that shoWn in the folloWing Numeral 2, for 
example, may be used. 

[0083] Here, the symbol denotes a ?oor function (a 
function providing a maximum integer not exceeding the 
numeral inside 

[0084] In the above example, [42/8]+1=5+1=6, and hence 
a code having a number of continuous bits “1” correspond 
ing to 6 bytes (i.e. 48 bits) is used as the restart marker. 

[0085] According to the ?rst embodiment, the pre?x 
length is restricted during Golomb-Rice encoding, and 
hence the encoded data can be prevented from increasing 
excessively When the upper order bit value is large. As a 
result, increases in the data amount can be suppressed. 
Furthermore, data not existing Within the encoded data are 
used as a control code, and hence the control code can be 
identi?ed during sequential reading Without the use of an 
offset address or the like, enabling greater error resistance. 
Moreover, data not existing Within the encoded data are used 






